Irrespective of the form of vitamin A fed to rats, it appears in blood almost exclusively as retinyl palmitate, and the liver always stores only this ester. Differences in the fatty acid composition of the dietary fats do not seem to have any influence on the type of retinyl ester absorbed and stored by the rat Mahadevan, Seshadri Sastry & Ganguly, 1963) . It was therefore suggested that probably some specific lipoprotein transports retinyl palmitate from the intestine and stores it in the liver of rats . If this were so, the intracardial injection of different retinyl esters into rats should lead to ready deposition in the liver of the palmitate in preference to the other esters. It is shown in the present paper that, when different retinyl esters are injected, the palmitate is more readily taken up by the liver, whereas, although small amounts of the other injected esters can be found in this tissue shortly after the injection, in the course of time they are all stored as the palmitate.
MATERIALS AND METHODS
Nomenclature. The terms retinyl ester, retinol and retinal are used in place of vitamin A ester, vitamin A alcohol and vitamin A acid respectively (Commission on the Nomenclature of Biological Chemistry of the International Union of Pure and Applied Chemistry, 1960) .
Sources of materials. The sources of the materials used in the present investigation have already been described Mahadevan, Murthy & Ganguly, 1962; Mahadevan et al. 1963) .
Animals. Male weanling rats of this Institute strain were maintained on a vitamin A-free diet (Malathi, Subba Rao, Seshadri Sastry & Ganguly, 1963) for about 2 weeks, after which they were supplemented with 5 pg. of retinyl acetate per week so as to maintain normal growth without giving rise to any appreciable liver storage of the vitamin. The rats were used for the injection experiments when they weighed about 150 g.; at this stage the total vitamin A content per whole liver was about 2-3 ,ug.
Preparation of dispersions. The Tween 20 (polyoxyethylene sorbitan monolaurate) dispersions were prepared essentially according to the method of Seshadri Sastry, Krishnamurthy & Ganguly (1957) . Each millilitre of the dispersion contained 5 mg. of retinol or an equivalent quantity of the ester, and 100 mg. of Tween 20 in 0 9% NaCl solution.
Intracardial injection. Each rat was injected intracardially, by using a 26-gauge needle, with 0-2 ml. of the dispersion, while the animal was under light ether anaesthesia. After the given time-intervals, the animals were again put under anaesthesia and killed by drawing as much blood as possible from the heart. The liver was perfused with 100 ml. of cold 0 9 % NaCl through the inferior vena cava to free it of blood. The tissues were transferred as quickly as possible to separate beakers each containing 15 ml. of ethanol.
Extraction and analysis of retinol, retinyl esters and retinal.
The procedures adopted for the extraction, paper-chromatographic separation and estimation of the different retinyl esters were as described by . The chromatographic separation of retinal from retinyl esters and retinol, and its subsequent determination, with thiobarbituric acid, were carried out as described by Mahadevan et al. (1962) .
RESULTS
Tissue distribution of injected retinyl palmitate.
It is shown in Table 1 that, 15 and 30 min. after the injections of retinyl palmitate, only blood, liver and lungs contained appreciable quantities of the ester or retinol; spleen, intestine and kidneys had small amounts. This type of distribution of injected vitamin A has also been observed by Kon, McGillivray & Thompson (1955) . In all subsequent experiments only blood, liver and lungs were analysed.
Rate of disappearance of intracardially injected retinol, retinyl esters and retinal from blood. It is shown in Table 2 that the injected derivatives of retinol are removed from the circulation very rapidly. This is in agreement with the observations of Kon et al. (1955) , McGillivray, Thompson & Worker (1956 , McGillivray (1961) and Zachman & Olson (1961) , who used retinyl palmitate, retinyl acetate, retinol and retinal. However, our results show that, except for the palnitate and stearate, all the other compounds behave similarly. Table 2 further shows that, irrespective of whether the higher or the lower fatty acid esters were injected, the retinol contents of blood increased rapidly, which is in agreement with the observations of Kon et al. (1955) and High & Bryant (1961) .
At all time-intervals studied, no other ester but the palmitate was present in blood after the injection of retinal, retinol or retinyl palmitate. As
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for the other esters, they could be found in the blood at the earlier time-intervals after injection, but in the course of time they disappeared, whereas the palmitate persisted. As compared with the other esters, the stearate gave rise to more retinyl palmitate in blood. Appearance of the injected retinol derivatives in the liver. Here again the injection of retinol, retinal or retinyl palnitate led to the appearance in the liver of only one ester, the palmitate, where its concentration increased progressively with time (Table 3) . Traces of the acetate could be detected in the liver within 5 min. of its injection, after which only the palmitate and retinol were to be found, with the concentration of retinyl palnitate progressively increasing with time. Small amounts of all the other esters injected, along with a certain amount of the palmitate, could, however, be detected in this tissue at the earlier time-intervals after the injection, but in the course of time these esters disappeared whereas the amount of retinyl palmitate increased. In all cases, at the earlier stages after the injection, the liver contained large amounts of retinol, which slowly decreased with time.
Although a small percentage of any of the injected compounds could be accounted for in these experiments, retinyl palmitate and retinal gave rise to the greatest liver storage.
Vitamin A in the lungs. Analyses carried out up to 2 hr. after the injection showed the presence of significant quantities of the injected retinol derivatives in the lungs, and here also the ester fraction consisted of the injected ester along with small, but definite, quantities of the palmitate. Intracellular distribution of injected retinyl 8tearate in rat liver. At the given time-intervals (Table 4) after the injection, the livers were thoroughly perfused and homogenized in 0-25M-sucrose; the homogenate was fractionated as described by Mahadevan et al. (1962) and the cell fractions were analysed for retinyl palnitate, retinyl stearate and retinol. Table 4 shows that at both time-intervals the bulk of the stearate was associated with the particulate fractions, whereas the palmitate appeared in larger concentrations in the supernatant fraction. At the earlier time-interval, retinol was equally distributed between the particulate and supernatant fractions, but at 30 min. it was concentrated in the latter fraction.
DISCUSSION
The present results are in broad agreement with the reports in the literature insofar as the injection of retinal (McGillivray et al. 1956; McGillivray, 1961; Zachman & Olson, 1961) , retinol, retinyl acetate (Kon et al. 1955; McGillivray et al. 1956 McGillivray et al. , 1957 or retinyl pahmitate (McGillivray et al. 1957) results in the deposition of the vitamin in the liver, mostly as retinyl ester with small amounts of retinol. However, the present work has identified the ester as the palmitate.
The injection of retinol or retinal resulted in the appearance in the liver of only one ester, the palmitate, at all the time-intervals studied. That retinal should behave like retinol is to be expected, because rat liver contains an enzyme that readily reduces retinal to retinol (Zachman & Olson, 1961; Mahadevan et al. 1962) . Similarly, a single retinyl ester, the palmitate, was found in the liver at all time-intervals after the injection of this ester. Although small amounts of the other esters could be located in the liver shortly after the injection of the particular ester, in the course of time all of them were deposited only as the palmitate. These observations have therefore produced evidence in support of our earlier hypothesis that the liver probably contains a highly specific lipoprotein that can bind only with retinyl palmitate .
The mechanism by which the injected retinyl esters are converted into the palmitate is not clear from these experiments. Our earlier work has shown that the ability of the liver, if any at all, to hydrolyse and synthesize the higher esters of retinol is very poor (Seshadri Sastry et al. 1957; Mahadevan, Murthy, Krishnamurthy & Ganguly, 1961) , which might imply that it is of little physiological significance. On the other hand, tissues like the pancreas and small intestine rapidly carry out both these reactions (Murthy, Madadevan, Seshadri Sastry & Ganguly, 1961) . Therefore it is conceivable that the injected retinyl esters are hydrolysed and re-esterified into the palmitate extra hepatically. Alternatively, it is also possible that some mechanism of transesterification might readily convert retinol and the other retinyl esters into the palmitate. In this context the results of the experiments on the intracellular distribution in the liver of injected retinyl stearate (Table 4) appear to be of significance, because the injected ester was recovered in larger concentrations from the particulate fractions, whereas the pahnitate was concentrated in the supernatant. It seems possible that the foreign ester is first picked up by the membranous structures of the cell and is then converted into the palmitate by a mechanism of transesterification, whereupon the palmitate is released into the cytoplasm of the cell. SUMMARY 1. Rats with very low liver reserves of vitamin A were intracardially injected with Tween 20 dispersions of retinol, retinal, retinyl acetate, retinyl laurate, retinyl myristate, retinyl palmitate, retinyl stearate or retinyl linoleate, and blood, liver and lungs were analysed for retinol and its various esters at different time-intervals from 5 min to 24 hr. after the injections.
2. When retinol, retinal or retinyl palmitate was injected, the rat tissues contained no other ester of retinol but the palmitate. With the other esters, although small amounts could be detected in blood and liver immediately after the injection, after 6 hr. only one ester, the pahnitate, was deposited in the liver.
3. The possible mechanisms determining the specificity of the formation and storage of the palmitate are discussed.
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